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ABSTRACT 
The effects of increasing hydrogen ion concen-
tration on rate of chloride influx and efflux were 
studied in the killifish, Fundulus heteroclitus, ad-
apted to fresh water. Because increasing hydrogen ion 
concentrations have been shown to inhibit sodium in-
flux and because evidence exists to support coupling 
of chloride transport with sodium transport, the pre-
sent study was undertaken to determine what effect pH 
would have on rate of chloride flux. Chloride efflux 
rates were studied after the addition of sodium bicar-
bonate to the medium. No significant pH-de~ndent 
changes in efflux rate were observed, except at very 
low pH. Influx rates were significantly changed, es-
pecially at very low pH. Efflux rates with bicarbonate 
added tended to be lower than without bicarbonate. 
Flux ratios were high, net flux being outward. The 
possibility of a pH-sensitive chloride/bicarbonate 
exchange, as well as a hydrogen/sodium-coupled chlor-
ide transport system is proposed. 
(1) 
INTRODUCTION 
The question as to how some teleosts can live in 
only fresh water, some only in salt water, and some in 
both types for varying amounts of time has long been a 
topic of investigation. Many salt water fish can sur-
vive at only a narrow range of salinity (stenohaline) 
and will die upon entry into fresh water or even brack-
ish water, yet others have no problem adjusting to sal-
inity change at any time (euryhaline). Still others 
are capable of meeting salinity stress at certain 
times of the year or at a certain time in their lives, 
as in the case of the salmon. Presumably, the ability 
of various fishes to acclimate to the physiological 
stress imparted to them by changes in environmental sal-
inity has to do with their means of osmoregulation. 
When going from fresh water to salt water or vice versa, 
active ion transport must change direction. As this 
is an active process, energy is required in the form of 
ATP. The enzyme Na+,K+-ATPase plays an important 
role in this active process (Epstein~ al., 1967; 
Silva~ al., 1977). 
The active transport of monovalent ions in teleosts 
takes place primarily through the gills (Schmidt-Niel-
sen, 1975} and in particular, the chloride cells (Lag-
ler ~ ~., 1962; Maetz and Pie, 1977). Young salmon 
(Oncorhyncus spp., Salmo salar) cannot enter the sea un-
til their chloride cells are well-developed (Lagler 
~ !!_., 1962} and in yellow eels (Anguilla anguilla) 
{2) 
the percentage of chloride cells more than doubles 
upon adaptation to salt water. Also evident is the 
increase in the amount of Na+,K+-ATPase per chloride 
cell (Thompson and Sargent, 1977). Na+,K+-ATPase ac-
tivity increases in the gills of Fundulus heteroclitus 
during adaptation to salt water (Epstein~ al., 1967) 
• 
and reportedly reaches a constant level within one-
half hour after transfer from fresh water (Towle~~., 
1977). Cytologically, there is an increase also · in the 
number of mitochondria and a hypertrophy of the tubu-
lar reticulum, the site at which Na+,K+-ATPase is lo-
cated (Doyle, 1977). 
Yet some fish require several hours to adapt to 
similar conditions and others• cannot do so at all. 
Evans (1975) proposed that the limiting factor in eury-
halinity of marine fish is not the necessary ionic up-
take mechanisms; they are always present as secondary 
couplers to the needed extrusion of Hco 3-, H+, and 
NH4+. The entrance into fresh water may rather be lim-
ited by the relation between these uptake mechanisms 
and the ionic permeability of a given species. 
There are several views as to how chloride is trans-
ported into and out of the cell. One view suggests that 
active chloride transport is coupled to Na+,K+-ATPase. 
A neutral sodium chloride carrier is postulated that 
derives its energy from the movement of sodium down its 
electrochemical gradient into the cell (Silva~~., 
(3) 
1977). Sodium is actively transported out of the 
cell and the resulting net negative charge pushes 
chloride out into the rnedi~. The evidence is based 
upon the fact ouabain circulating in the blood of An-
guilla rostrata inhibits Na+,K+, ATPase and in turn 
chloride efflux. The inhibition occurs only if the 
ouabain gains access to the blood in Anguilla which im-
plies that the chloride cell faCQS inward. Chloride 
flux in frog skin has been shown to be ouabain sensi-
tive and cation dependent (Watlington~!,!., 1977). 
Other studies suggest that sodium uptake is inde-
pendent of chloride uptake (Krogh, 1937) . and that ex-
ternal sodium ions may be exchanged for either hydro-
gen or ammonium ions (Evans, 1973). Addition of arn-
momium ion to the medium inhibits sodium influx in 
Carassius, while injection intraperitoneally produces 
the opposite effect (Maetz and Garcia-Romeu, 1964). 
A chloride/bicarbonate exchange system may exist (Maetz 
and Garcia-Romeu, 1964) in which chloride in the cell 
is exchanged for bicarbonate outside the cell and vice 
versa (DeRenzis and Maetz, 1973; Korrnanik and Evans, 
1979) • Addition of bicarbonate to the external medium 
results in a reduction of chloride influx in Carassius, 
while injection exhibits the opposite effect (Maetz 
and Garcia-Romeu, 1964) • Such a chloride/ bicarbonate 
exchange has been demonstrated in the turtle urinary 
( 4) 
bladder (Leslie et~., 1973) , mammalian colon, and 
probably takes place in pancreatic ducts (Hubel, 1968). 
A third mode of transepithelial transport is the 
passive one, in which chloride moves down a concentra-
tion gradient into the cell, as in frog skin cussing, 
1969) and toad bladder {Leaf, 1965). 
It is apparent that endocrine mechanisms are in-
volved in active ion transport {Schmidt-Nielsen, 1975) , 
perhaps in altering the osmotic permeability of the 
gill to water (Lam, 1972; Evans, 1975; Watlington, per-
sonal communication) or by activating a carrier system 
which operates on an ion exchange basis (Evans, 1973; 
DeRenzis and Maetz, 1973; Maetz and Garcia-Romeu, 1964). 
Salrno salar smolt develop chloride cells coincident with 
or perhaps even as a consequence of thyroid hyperactiv-
ity (Lagler ~ ~., 1962). Cortisol administered to 
fresh water American eels (Anguilla rostrata) induces 
a rise in gill and gut Na+,K+-ATPase activity, resem-
bling the change produced by salt water adaptation 
(Forrest~~., 1973) and some plasma electrolytes 
were lowered in Fundulus after hypophysectorny (Burden, 
1956) • Injections of cortisol in hypophysectomized 
Fundulus maintained in sea water produced a 30% in-
crease in gill Na+,K+-ATPase (Pickford~ al., 1970). 
Injections of prolactin enable stickleback to adapt 
from sea water to fresh water (Lam, 1972). 
Several physical factors in addition to or in con-
(5) 
junction with salinity changes activate these hormones 
and in turn salinity adaptation. The mechanisms for 
these actions has not been elucidated. Among these 
physical factors may be pH, photoperiod, and oxygen 
levels. For example, in Anguilla anguilla kept under 
hyperoxic conditions, a decrease in blood pH (compen-
sated for by an increase in plasma bicarbonate ion) 
increased chloride influx five times more than that 
in normoxic fish (Bornancin ~ !!.·r 1977). 
A decrease in pll inhibits sodium influx in Salvel-
inus fontinalis (Packer and Dunson, 1970), resulting 
in a loss of body sodium (Dunson~ al., 1978). Hy-
drogen ion efflux decreases also (Evans, 1978). 
If a decrease in pH of the medium has an effect 
on chloride flux , then a unique exchange mechanism 
could be implicated. 
The present investigation was undertaken to de-
termine if a lowering of pH of the external milieu, 
such as that experienced upon adaptation from salt 
water to fresh water, has any effect on rate of chlor-
ide influx or efflux. The euryhaline Fundulus heter-
ocli tus was chosen because whatever uptake mechanism 
is responsible for fresh water and salt water adapt-
ation, the versatile killifish would be a most likely 
place to find it. 
(6) 
MATERIALS AND METHODS 
General: 
Male specimens of Fundulus heteroclitus 5-7 cm 
in length were collected from Mobjack Bay near Severn, 
Virginia, and were kept in a 70-gallon aquarium at a 
salinity of 14 ppt, at 18-20°C. They were fed Tetra-
min staple food once daily and kept on a 12-hr dayw-
light photoperiod. Newly collected specimens were al-
lowed to acclimate in the laboratory for at least two 
weeks after which they were acclimated to fresh water 
with no food for at least two days in two 10-gallon 
aquaria. Power filters (Dynaflo) with charcoal and 
filter floss were used for filtration in the 10-gallon 
aquaria, while in the 70-gallon aquarium filtration 
relied on bacterial action as the water was allowed to 
flow over a bed of dolomite. Water lost via evap-
oration was replaced with aged tap water. 
Once fish were acclimated in fresh water for at 
least two days, they were then used for studies on 
chloride influx or efflux. Fresh water samples 
(250 ml) from the 10-gallon tanks housing the Fundulus 
were each adj.usted to various pH's between 3. 5 and 
7.5~0.05 with O.l N and 0.01 N H2So4. Upon attain-
ment of the desired pH, influx or efflux studies were 
then carried out. 
(7) 
Measurement of Chloride Influx: 
Chloride influx was measured by placing 2 ul 
(l.O µCi) of chloride-36 c36cl) in 250 ml of pH-
adjusted fresh water. Upon doing this the specimen 
was introduced to the medium. After a 2-hr period 
fish were removed, patted dry, weighed to the near-
est 0.01 gm, sacrificed, and homogenized in a Waring 
blender in 30 ml of l N KOH. The blender was then 
rinsed with three 5-ml portions of l N KOH and the 
homogenate allowed to stir continuously in a 100-ml 
beaker for one hour. The homogenate was then cen-
trifuged at 2,000 rpm for 20 min and a 2.0-ml ali-
quot of sample removed, placed in a scintillation 
vial, and neutralized with O.Ol ml of concentrated 
acetic acid. Ten to 15 ml of Aquasol were then added 
and the sample counted for twenty minutes on a Beck-
man liquid scintillation counter ·(model LS-lOOC) • A 
2-ml sample of the medium after two hours was also com-
bined with 10-15 ml of Aquasol and counted in the same 
manner. Total Cl concentration (mEq/l) was determined 
for 50 ml of the medium by the mercuric nitrate method 
(Am. Public Health Assoc., 1971). 
Cilculation of Chloride Influx: 
Counts per minute (CPM) of the isotope 36c1 were 
first converted to disintegrations per minute (DPM) by 
dividing by the per cent efficiency of the sample. 
The per cent efficiency was determined by the external 
( 8) 
standard ratio (ESR) of the,; sample, which varies with 
the amount of quenching of the sample, due to organics, 
salts, etc_ Efficiency due to quenching was determined 
by counting varying amounts (O, 0.1, 0.2, o.s, 1.0, 2.0 
ml) of Fundulus homogenate and 0.01 ~Ci 36c1 and com-
paring their CPM's with the corresponding ESR. It 
was found that as the amount of tissue in the homogen-
ate (and sample) increased, the ESR decreased (Figure I). 
By knowing that O.Ol ~Ci = 2.22 x 10 4 DPM and utilizing 
the equation 
% efficiency = CPM/DPM x 100, 
a plot of per cent efficiency vs. external standard ra-
tio was obtained (Figure II). By knowing the ESR for 
each sample (from counter) and determining per cent ef-
ficiency from Figure II, CPM's can be converted to 
DPM's by the preceding equation. calculations were as 
follows: 
a.) Total DPM of fish homogenate x (45 ml + wt of 
fishw) per 2 ml was calculated per gm of body 
weight per hour = total DPM/gm/hr. 
b.) Total DPM of medium per 2 ml x 1000 ml/l = 
DPM/l. 
c.) DPM/l t mEq/l = DPM/mEq 
d.) Flux rate = a/c = mEq/gm/hr. 
Measurement of Chloride Efflux: 
Each 250 ml of pH-adjusted medium was prepared in 
the manner previously described. Fish were acclimated 
*assume specific gravity of fish is 1. 
(10) 
described for chloride influx. Calculations were then 
as follows: 
a.) medium: (DPM at 130 min - DPM at 10 min) x 250 ml 
2 hrs x ~ rill of sample 
= total DPM in medium lost from fish 
per hour 
b. ) homogenate: 
c.) b.l.) 
b. 2.) 
1.) DPM of homogenate x {ml of homog. 
+ wt of fish) 
2.) 
2 ml 
= total DPM in fish 
mEq Cl (ml of homol. + wt of fish) 
looo m /1 
= total mEq in fish 
= total DPM/mEq in fish 
= specific activity of 36c1 in fish 
d.) Total DPM lost per hr . specific activity 
. wt of fish 
= mEq/gm/hr 
= rate of efflux 
Efflux of Chloride with 2 mM NaHC0 3 added to medium: 
The effect of NaHC03 in the medium on rate of chlor-
ide efflux was also studied. Upon addition of 2 mM 
Na.Hco3 to the medium and the pH adjusted, rate of chlor-
ide efflux was then calculated as previously described. 
{ll) 
RESULTS AND DISCUSSION 
While rates of influx arid efflux are not affected 
significantly by incremental decreases of 0.5 pH from 
pH 7.0 to 4.0 (Tables I and II, Figures III and IV) , 
the difference between rates of influx at pH 5.5 and 
4.5 is significant (Table I), showing a decrease in in-
flux rate with a corresponding decrease in pH. At 
pH 3.5 both influx and efflux rates were found to be 
significantly greater than at other pH values (Tables 
I and II). The data in Table IV also indicate that at 
pH 3.5 efflux rate was 17 times greater than influx 
values at the same pH. 
The addition of bicarbonate to the medium resulted 
in chloride efflux values at a given pH which were sig-
nificantly less than efflux values with no bicarbonate 
added to the medium (Table V, Figure IV and V). 
Chloride efflux in Fundulus heteroclitus acclimated 
to fresh water at normal pH (6.0) was found to be about 
four times that of influx: 3.22 x lo-4 mEq/grn/hr influx, 
12.6 x io-4 rnEq/gm/ hr efflux. This flux ratio is some-
what high as compared to that of the goldfish Carassius 
auratus in fresh water, where efflux was found to be 
twice that of influx: 1.9 x 10-4 mEq/grn/hr influx, 
-4 3.9 x 10 mEq/gm/hr efflux (Maetz and Garcia-Romeu, 
1964). Yet Epstein ~ .!!.· (1973) showed a s .omewhat higher 
(12) 
rate of chloride influx of 5.27 x l0-4 rnEq/gm/hr in 
Carassius. Rainbow trout (Salmo ga±rdneri) showed a 
smaller difference in rates between influx and efflux: 
l.97 x io-4 mEq/gm/hr and 1.5 x lo-4 mEq/gm/hr, respec-
tively (Kerstetter and Kirschner, 1972), efflux rate 
being slower. Chloride uptake by ~· gairdneri was 
found to vary from individual to individual, however, 
and was even erratic within some individuals {Kerstetter 
and Kirschner, 1972). Fundulus heteroclitus has been re-
ported to extrude chloride at a faster rate than most 
fish in fresh water: 67.7 x lo-4 mEq/gm/hr (Pie, 1978), 
a rate even faster than found in the present study at 
pH 3.5. The specimens used by Pie in fresh water, how-
ever, were not reported as being starved for any period 
of time and acclimation time was 18 hrs to 4 days (not 
a 2-day minimum, as in the present study}. The acclim-
ation time and feeding used by Pie could possibly ac-
count for the larger efflux rate repo~ted. 
No influx rates for fresh water-adapted Fundulus 
heteroclitus were found in the literature. Since chlor-
ide influx rates were about equal to those found for 
other fish, it may be assumed that they are valid. How-
ever, efflux ratea at normal pH were four times higher 
than influx rates, yielding a net chloride loss. Whether 
the net efflux is large enough to kill the fish or is 
normal remains to be determined. There are two possible 
explanations for the net efflux, The first is that it 
( 13) 
is not in fact large (only twice that of Carassius) 
and may be typical for the killifish, a predominantly 
salt water creature. As net flux of ions in salt 
water is out, it is possible that the killifish re-
tains this "habit": i.e., getting rid of ions, even 
after transfer into fresh water. Although the osmotic 
problem in fresh water- is uptake of total ions, the 
net flux for individual ions may not be inward, as 
suggested by the current data and by Maetz and Garcia-
Romeu (1964). It is generally accepted that fish take 
in ions in salt water via swallowing and in fresh water 
drinking does not take place; ions are obtained mainly 
by the gills. However, Fundulus heteroclitus actually 
continues to ingest the medium after acclimation to 
fresh water (Potts and Evans, 1967). For Salmo gaird-
neri in fresh water a net influx of chloride was re-
ported (Kerstetter and Kirschner, 1972). Apparently 
direction of net flux of chloride varies with the ani-
mal and is not consistent from species to species. 
The other explanation for net efflux depends on po-
tential experimental errors in the procedure. The 
most likely source of error would be in leakage of the 
36c1 into the medium after injection. Although this 
was corrected by taking an initial sample 10 min after 
injection, it is possible that leakage was still taking 
place, releasing isotope into the medium and in turn 
(14) 
causing a high efflux rate calculation. 
Flux ratios (efflux rate/influx rate) were found 
to increase with decreasing pH values (Table IV). As 
any pH below 6.8 or 6.9 is considered unnatural or 
stressful, the data indicate that an increase in 
hydrogen ion, resulting in an increase in net ef-
flux, may act by causing stress on the animal. The 
greater the hydrogen ion content the greater the stress 
and greater the net efflux until at pH 3.5 (Figures III 
and IV) the situation is intolerable. The effects 
that hydrogen ion has on the cell and direction of chlor-
ide flux will be discussed later on. 
Brook trout (Salvelinus fontinalis) experienced a 
massive loss of body sodium (50%) when exposed to an 
environmental pH of 3.5 (Packer and Dunson, 1970). So-
dium influx was inhibited possibly by the effect of the 
increased hydrogen ion content on the sodium pupip. The 
net loss was due to the elimination of sodium uptake. 
It is possible that at such an extreme pH hydrogen 
substitutes for sodium going into the cell, thereby in-
hibiting sodium uptake by a blocking action. In the 
sodium-coupled chloride transport model (Silva~ al., 
1977; Frizzell~ al., 1979) a neutral carrier molecule 
is proposed in which sodium and chloride ions fit onto 
an active site on the molecule. Sodiwn is carried into 
the cell from the blood down an electrochemical gradient, 
( 15) 
pulling chloride along with it via the carrier. Once 
inside the cell, sodium is actively pumped out of the 
cell in exchange for potassium (three sodiums for two 
potassiums). The increase in negative net charge inside 
the cell due to the loss of the sodium builds up and 
pushes out the anion chloride. If hydrogen can sub-
stitute for sodium on the carrier, then an excessive 
amount of hydrogen ion (as at pll 3. 5) would produce a 
massive loss of chloride ion (Table I!, Figure IV). 
Passive chloride influx would also be increased due to 
the excessive amount of hydrogen and/ or sodium pull-
ing in chloride (Table I and Figure III) • 
The rate of efflux of chloride at a given pH was 
found to be greater than influx at the same pH (Tables 
I, II, and IV). That is, the flux ratio increased 
with decreasing pH and was highest at pH 3.5 (Table 
IV) • Increasing amounts of hydrogen ion could poss-
ibly affect the 11 leakiness 11 of the tight junctions of 
the chloride cells. Chloride cells possess tight junc-
tions between them which vary in their tightness acc-
ording to the medium. Tight junctions are made of fi-
brils, the number of which varies inversely according 
to the "leakiness" (Frizzell~ al., 1979; Karnaky and 
Kintner, 1977; Sardet ~al., 1979). The tight junc-
tions might possibly become leakier with increasing 
acidity, excessive amounts disrupting them totally. 
The leakier the junctions become, the greater the rate 
(16) 
of efflux due to the outflow of sodium through the 
pores of the chloride cell (Silva ~ al., 1977) and 
chloride could follow the ionic gradient caused by the 
loss of sodium. · 
Chloride influx rates measured between pH 4.5 and 
5.5 (Table I) showed significant decreases with increase 
in acidity, suggesting the possibility that hydrogen 
does not substitute for sodium on a neutral carrier mol-
ecule but rather works in conjunction with it. Because 
decrease in pH decreases sodium influx (Packer and 
Dunson, 1970), and chloride transport is sensitive to ouab-
ain (Silva~!!,., 1977) which affects sodium transport, 
then chloride influx may be decreased by the same force 
which inhibits sodium movement. Perhaps only at ex-
treme pH values does hydrogen ion substitute for so-
dium ion. 
No noticeable change in efflux rate with decreas-
ing pH was observed when 2 mM NaHC03 was. added to the 
medium (Table III, Figure IV). There was, however, a 
trend of overall decrease in rate of efflux upon the 
addition of bicarbonate ion (Table V). Addition of 
bicarbonate to the medium in the amount of 18 ~~ 
(Maetz and Garcia-Romeu, 1964; Maetz, 1971) inhibited 
chloride influx by 75% in Carassius while the efflux 
remained unchanged. An excess of 2. 5 mM H aHCO 3 added 
to the medium was required to stimulate chloride ef-
flux by toadfish in salt water (Kormanik and Evans, 
(17) 
1979) • It is doubtful then that the 2 mM NaHco3 used 
in the present study was sufficient to trigger a sub-
stantial chloride/bicarbonate exchange. Even if it 
had, the literature indicates that it would not affect 
chloride efflux but would more likely have an eff~ct 
on chloride influx. Possibly the reduction in efflux 
rate values (Table V) was due to a combined inhibiting 
effect of both bicarbonate and hydrogen ions on some 
unidentified mechanism. Still another explanation could 
be that chloride/bicarbonate exchange only works or 
works best at an optimum pH value in fresh water. ~he 
efflux rate with NaHC03 added at pH 7.5 (Table III) 
was about equal to the value at the same pH without 
NaHco3 (Table II) • Experiments in salt water have 
shown that chloride efflux at high pli was not signif-
icantly different from that at low pH (Kormanik and 
Evans, 1979). However, in fresh water the effect may 
·be different. 
In summary, decreasing pH values tend to decrease 
rate of chloride influx in Fundulus heteroclitus ac-
climated to fresh water. No significant effect on 
rate of efflux was noted. Flux ratios (efflux/influx) 
were found to increase with decreasing pH, being rather 
high even at normal pH. At pH 3.5 both influx and ef-
flux rates increased significantly, leading to an ap-
parent loss of chloride. The addition of NaHC0 3 to 
(18) 
the medium significantly depressed the rate of chlor-
ide efflux, with greater effects exhibited at low pH, 
suggesting that bicarbonate and hydrogen ions com-
bined have an inhibiting effect on chloride efflux. 
(19) 
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Table I: The effect of pH on chloride influx in Fun-
dulus heteroclitus acclimated to fresh water. 
Rates are expressed as the mean ± standard 
error. Number of trials at a given pH value 
are represented by n. P-values shown for 
comparison between neighboring incremental pH 
values. 
E!!. Rate (mEg/ gm/hr) x 10 4 n p 
-• 
3.5 3.65 ± 0.74 2 .05<P<.10 
4.0 0.73 1 
---------
4.5 1.28 ± 0.009 2 >0.25, <0 . 01* 
5.0 2.06 ± 1.29 2 >0.25 
s.s 2.66 ± 0.02 2 >0.25 
6.0 3.22 l 
---------
*comparing pH 4.5 to 5.5 influx rates 
(25) 
Table II: The effect of pH on rate of chloride efflux 
in Fundulus heteroclitus acclimated to fresh 
water. Rate is expressed as the mean ± stan-
dard error. Number of trials at a given pH 
is represented by n. P-values shown are for 
comparison between neighboring incremental 
pH values. 
e!!. Rate ( rnEg/ szm/hr) x 10 4 n p 
3.5 63.S ± 12.7 4 .OS<P<.10 
4.0 
to 12.7 :t 2.7 2 • lO<E<. 25 
4.5* 
s.o 7.9 ± 2.6 3 • lO<P<. 25 
6.0 12.6 ± 3.3 2 >0.25 
7.0 
to 16.6 ± 12.3 2 
---------7.5* 
*values combined for purposes of calculating probability 
(26) 
Table III: The effect of pH on rate of chloride efflux 
in Fundulus heteroclitus acclimated to fresh 
water with 2 mM NaHco 3 added to the medium. (n = 1 in each case) 
E!! Rate CmEg/ 2m/hr) x 10 4 
4.0 9.7 
s.o 6.2 
s.s 4.4 
6.0 3.0 
6.5 2.9 
7.0 4.5 
7.5 17.0 
8 .0 3.6 
( 27) 
Table IV: Comparison of rate of chloride efflux to 
rate of chloride influx at varying pH in 
Fundulus heteroclitus acclimated to fresh 
water. Rates are expressed as t~e mean ± 
standard error in rnEq/gm/hr x 10 • Flux 
ratio is rate of efflux/rate of influx. 
E!!. 
3.5 
4.5 
s.o 
6.0 
Influx Rate 
3.65 ± 0.74 
1.28 ± 0.009 
2.06 ± 1.29 
3.22 
Efflux Rate 
63. 5 ± 12. 7 
12.7 ± 2.7 
7.9 ± 2.6 
12.6 ± 3.3 
Flux Ratio 
17.4 
9.9 
3.8 
3.9 
( 28) 
Table V: Comparison of chloride efflux rates of Fun-
dulus heteroclitus acclimated to fresh water 
with and without 2 rnM NaHC0 3 added to the 
medium. Rates are expressed as ~he mean ± 
standard error in mEq/gm/hr x 10 • N\.unber of 
trials is represented by n. 
~ w/NaHC03 n E!! w/o NalIC03 n p 
-
4.0 4.0 
to 7.95 ± l.75 2 to 9.14 ± 2.22 5 >0.25 
s.o s.o 
s.s 
to 2.46 :: l.07 3 6.0 12.65 ± 3.35 2 • 25>P> .10 
6.5 
7.0 7.0 
to 4.05 ± 0.45 2 to 16.65 ± 12.35 2 .25>P>.l0 
a.o 7.5 
Figure I: Effect of varying amounts of Fundulus 
heteroclitus tissue on external standard 
ratio and counts per minute. 
O = External Standard Ratio 
• = Counts Per Minute 
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Figure II: The effect of external standard ratio 
value on per cent efficiency of Fundulus 
heteroclitus tissue counted in Beckman 
liquid scintillation counter. 
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Figure III: The effect of pH on chloride influx in 
Fundulus heteroclitus acclimated to 
fresh water. 
Figure IV: The effect of pH on chloride efflux in 
Fundulus heteroclitus acclimated to fresh 
water. 
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